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ABSTRACT. We examined the expression of c-myc and mutations in
the KRAS gene in ovarian mucinous tumors to explore the pathogenesis
of these tumors and the feasibility of targeted gene therapy. Expression
of c-myc protein and mutations in the KRAS gene in 24 cases of ovarian
mucinous cystadenoma, 46 cases of ovarian borderline mucinous
cystadenoma, and 46 cases of ovarian mucinous cystadenocarcinoma
were detected using the immunohistochemistry PV-9000 2-step
method and polymerase chain reaction-restriction fragment length
polymorphism. The positive expression rates of c-myc in ovarian
mucinous cystadenoma, borderline mucinous cystadenoma, and
cystadenocarcinoma were 0, 39.1, and 65.2%, respectively (P < 0.01),
while the mutation rates in KRAS were 0, 39.1 and 13.0%, respectively.
The mutation rate of the borderline group was significantly higher,
while rates in the other 2 groups were similar (P > 0.05). c-myc was
not correlated with clinical stage, pathological grade, or age of patients
with ovarian mucinous cystadenocarcinoma or borderline mucinous
cystadenoma (P > 0.05), but was correlated with tumor size (P < 0.05).
Mutations in KRAS were not correlated with clinical stage or tumor size
in patients with borderline mucinous cystadenoma (P > 0.05), whereas it
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was correlated with age (P <0.05). In borderline mucinous cystadenoma,
c-myc expression and KRAS mutations were not correlated (P > 0.05).
c-myc is involved in the formation of ovarian borderline mucinous
cystadenoma and mucinous cystadenocarcinoma, and the KRAS gene
may contribute to the formation of borderline mucinous cystadenoma.
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INTRODUCTION

Ovarian cancer is one of the three malignant tumors of the female reproductive sys-
tem and has particularly high mortality rate because it cannot be diagnosed until an advanced
stage (Jemal et al., 2004). As an oncogene belonging to the myc family, c-myc plays an
important regulatory role in gene transcription; in the case of tumors, c-myc shows over-am-
plification and sequence rearrangement. The KRAS gene is a member of the human oncogene
RAS family. K-Ras protein participates in cell cycle regulation with downstream signaling
proteins and is closely associated with the survival, proliferation, migration, metastasis, and
vascularization of tumors. Upon mutation, KRAS is permanently activated and then fails to
produce normal K-Ras protein, leading to cancer by disturbing intracellular signal transduc-
tion and cell proliferation (He et al., 2010). In this study, the relationship between c-myc
protein expression and KRAS gene mutation in ovarian mucinous tumors was analyzed to
clarify their roles in these tumors.

MATERIAL AND METHODS
Sample collection

This study was approved by the Ethics Committee of Chongqing Three Gorges Central
Hospital, and written consent was obtained from all patients. Ovarian mucinous cystadeno-
carcinoma samples were collected from 46 cases treated in Chongqing Three Gorges Central
Hospital from January 2000 to June 2012. The patients were aged 31-74 years (average age
of 48 years). The samples were classified into 21 cases of Stage 1, 22 cases of Stage 2, and 3
cases of Stage 3, and they were also pathologically classified into 23 cases of FIGO Grade I,
7 cases of Grade 11, and 16 cases of Grade III. Additionally, 46 samples of ovarian borderline
mucinous cystadenoma were pathologically classified into 40 cases of Grade I and 6 cases of
Grade III. Another 24 samples of ovarian mucinous cystadenoma were used as controls. None
of the patients had received radiotherapy, chemotherapy, or hormone therapy before surgeries,
and complete clinical data were collected. All patients were diagnosed using pathological meth-
ods, and hematoxylin and eosin paraffin sections were evaluated by 2 experienced pathologists.

Reagents and methods
Ready-to-use c-myc mouse anti-human monoclonal antibody was purchased from

Fuzhou Maixin Biotech. Co., Ltd. (Fujian, China). Pepsin and PV-9000 2-step immunohis-
tochemical kits were obtained from Life Technologies (Carlsbad, CA, USA). The immuno-
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histochemistry PV-9000 2-step assay was performed according to the kit instructions using
phosphate-buffered saline instead of primary antibody as the negative control and a known
positive sample as the positive control. The DNA extraction kit for paraffin-embedded tissues
and KRAS primers were obtained from Qiagen (Hilden, Germany). The polymerase chain
reaction kit and Bs/NI endonuclease were purchased from New England Biolabs (Ipswich,
MA, USA). KRAS gene mutations were detected using polymerase chain reaction-restriction
fragment length polymorphism.

Results determination

Based on immunohistochemical results, c-myc was positively expressed in the cy-
tomembrane and cytoplasm. Results were determined when there was no specific staining in
negative control images. Cells with evident brownish yellow particles in the cytomembrane
or cytoplasm were considered to be positively stained. Ten high-power fields were randomly
selected from each section. Percentage of positive cells <5%: (-); 5% < percentage of positive
cells <25%: (+); 25% < percentage of positive cells <50%: (++); percentage of positive cells
>50: (+++). (+)-(+++) represent positive expression, and (-) represents negative expression.
The KRAS gene mutation was identified based on the presence of an amplification band at 135
base pairs, while the wild-type gene showed a band at 106 bp. When the 2 bands coexisted, the
brighter band was considered as the result.

Statistical analysis

All data were analyzed using SPSS 13.0 (SPSS, Inc., Chicago, IL, USA). Immunohis-
tochemical and polymerase chain reaction results were analyzed using x> test, Fisher’s exact
test and Spearman’s rank correlation analysis.

RESULTS
Expression of c-myec in different ovarian mucinous tumors

The positive expression rates of c-myc in ovarian mucinous cystadenoma, borderline
mucinous cystadenoma, and cystadenocarcinoma were 0, 39.1, and 65.2% respectively, and
showed statistically significant differences (P < 0.01) (Table 1 and Figure 1). c-myc was not
correlated with the clinical stage, pathological grade, or age of the patients with ovarian mu-
cinous cystadenocarcinoma (P > 0.05), but c-myc was correlated with tumor size (P < 0.05)
(Table 2). In addition, c-myc was not correlated with the clinical stage, tumor size, or age of
the patients with borderline mucinous cystadenoma (P > 0.05) (Table 3).

Table 1. Expression of c-myc in different ovarian mucinous tumors.

Group N c-myc P
+ - Positive rate (%)

Ovarian mucinous cystadenoma 24 0 24 0

Ovarian borderline mucinous cystadenoma 46 18 28 39.1

Ovarian mucinous cystadenocarcinoma 46 30 16 65.2 0.000
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Figure 1. Immunohistochemical staining results of c-myc in different groups. 1. Negative expression of c-myc
in ovarian mucinous cystadenoma; 2. positive expression of c-myc in ovarian mucinous cystadenocarcinoma; 3.
positive expression of c-myc in borderline mucinous cystadenoma.

Table 2. Correlation between c-myc expression and clinical, pathological indices of ovarian mucinous
cystadenocarcinoma.

Clinical, pathological index N c-myc P*
+ - Positive rate (%)

Age (years old)
>50 17 11 6 64.7 1.000
<50 29 19 10 65.5

Tumor diameter (cm)
>2 17 15 2 88.2 0.013
<2 29 15 14 51.7

Pathological grade
1 21 11 10 52.4 0.071
2-3 25 19 6 76.0

Clinical stage
-1 30 17 13 56.7 0.159
I-1v 16 14 2 87.5

*Fisher’s exact test.

Table 3. Correlation between c-myc expression and clinical, pathological indices of ovarian borderline mucinous
cystadenoma.

Clinical, pathological index N c-myc P*
+ - Positive rate (%)

Age (years old)
>50 14 4 10 28.6 0.491
<50 32 13 19 40.6

Tumor diameter (cm)
>2 12 7 5 583 0.241
<2 34 10 24 29.4

Clinical stage
I-1T 40 14 26 35.0 0.535
I-1v 6 4 2 66.7

*Fisher’s exact test.
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KRAS gene mutations in different ovarian mucinous tumors

The mutation rates of KRAS in ovarian mucinous cystadenoma, borderline mucinous
cystadenoma, and cystadenocarcinoma were 0, 39.1, and 13.0% respectively. The mutation rate
in the borderline group was significantly higher (P < 0.01) (Table 4 and Figure 2) than those
in the other 2 groups, which showed similar values (P > 0.05). The mutation in the KRAS gene
was not correlated with the clinical stage or tumor size of patients with borderline mucinous
cystadenoma (P > 0.05), whereas the mutation was correlated with age (P < 0.05) (Table 5).

Table 4. KRAS gene mutations in different ovarian mucinous tumors.

Group N KRAS mutation P
+ - Positive rate (%)

Ovarian mucinous cystadenoma 24 0 24 0.0 0.54*

Ovarian borderline mucinous cystadenoma 46 18 28 39.1

Ovarian mucinous cystadenocarcinoma 46 6 40 13.0 0.000

*Fisher’s exact test, difference between ovarian mucinous cystadenoma and mucinous cystadenocarcinoma.

Marker 1 2 3 4 5 6 7 8 9

300 bp
150 bp
100 bp

Figure 2. Polymerase chain reactionresults of KR4S DNA in different groups. Lanes I and 2 = Ovarian mucinous
cystadenocarcinoma; lanes 3 and 4 = ovarian mucinous cystadenoma; /anes 5-9 = ovarian borderline mucinous
cystadenoma; 2, 5: wild-type; 6, 8, 9: mutation; 1, 3, 4, 7: without codon 12 mutation in KRAS.

Table 5. Correlation between KRAS mutation and clinical, pathological indices of ovarian borderline mucinous
cystadenoma.

Clinical, pathological index N KRAS mutation p*
+ - Mutation rate (%)

Age (years old)
>50 14 2 12 14.3 0.037
<50 32 15 17 46.9

Tumor diameter (cm)
>20 12 4 8 333 1.000
<20 34 13 21 38.2

Clinical stage
I-1T 40 16 24 40.0 0.276
I-1v 6 0 6 0

* Fisher’s exact test.
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c-myc protein expression in ovarian borderline mucinous cystadenoma

In borderline mucinous cystadenoma, c-myc expression and the KRAS mutation were
not correlated (P > 0.05) (Table 6).

Table 6. Correlation between KRAS mutation and c-myc expression in ovarian borderline mucinous cystadenoma.

KRAS N c-myc P
+ 18 6 12 0.633
- 28 12 16

DISCUSSION

Ovarian tumors are common in the female reproductive system and show high inci-
dence and mortality rates as well as difficulty in early diagnosis. Surgical resection of foci or
accessories is the preferred treatment of ovarian borderline mucinous cystadenoma. Mucinous
cystadenocarcinoma requires resection of bilateral accessories, pelvic lymph node dissection,
and chemotherapy, thus severely affecting the quality of life of women of child bearing age.
Therefore, it is very important to determine the pathogenesis of ovarian tumors and to develop
mild drug therapies other than surgical resection, chemotherapy, and radiotherapy.

As a nuclear transcription factor-type oncogene, c-myc encodes a protein that binds
nuclear DNA and regulates transcription. c-myc induces the massive amplification of genes
and affects cell proliferation and transformation via other genes and bypass systems (Oster et
al., 2003). RAS genes are oncogenes that regulate cell proliferation and apoptosis, including
KRAS, HRAS, and NRAS, located on the short arms of chromosomes 11, 12, and 1, respec-
tively. Most studies have identified an association between KRAS and human tumors. Addi-
tionally, c-myc is a crucial downstream gene of the Ras/Raf pathway, and the overexpression
and mutation of Ras induce tumor onset through the transcription and activation of c-myc and
cyclinDI (Ischenko et al., 2013; Galuppo et al., 2014).

c-myc protein is positively expressed in gastric cancer, bladder cancer, testicular can-
cer, pituitary tumors, and endometrial cancer, among others, and is related to their staging,
classification, size, and patient age (Huang et al., 2014; Li et al., 2014; Pan et al., 2015; Ishak
etal., 2015). Recently, the c-myc gene was reported to be amplified in patients with early-stage
ovarian cancer, which was associated with prognosis (Di et al., 2013). In this study, c-myc was
highly expressed in ovarian borderline mucinous cystadenoma and ovarian mucinous cystad-
enoma, and the positive expression rates increased in the order of ovarian mucinous cystad-
enoma, borderline mucinous cystadenoma, and mucinous cystadenoma; the values showed
statistically significant differences (P < 0.05). c-myc was only correlated with tumor size.

KRAS codons 12 and 13 are also mutated in colorectal cancer (Cejas et al., 2009)
and pancreatic cancer (Shen et al., 2008), among others. In targeted therapy for lung cancer,
mutations in the KRAS gene arealso closely associated with clinical outcomes (Sung and Cho,
2008). The most common codon 12 was selected as the mutation site in this study. The muta-
tion rate of KRAS in the borderline group was significantly higher (P < 0.05) than those in the
other 2 groups, which showed similar values (P > 0.05). These results were consistent with
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those of Mayr et al. (2006). The KRAS gene mutation may be a tumorigenic factor of ovarian
borderline mucinous cystadenoma, but it did not promote the progression to cystadenocarci-
noma. In addition, the KRAS mutation was related to age (P < 0.05), and patients younger than
50 years were more likely than the elderly to develop cancer.

The c-myc and KRAS genesare present in many tumors and may have clinical poten-
tial in targeted therapy. For instance, tumor cell death can be facilitated by promoting KRAS
phosphorylation (Bivona et al., 2006), and inhibiting Ras protein post-translational modifica-
tion and mRNA expression has been used to suppress tumor cell growth. Moreover, inhibiting
KRAS mRNA expression using an antisense oligonucleotide suppressed the proliferation of
pancreatic cancer cells (Wang et al., 2005). By inhibiting the KRAS gene mutation, metformin
suppressed the proliferation of endometrial cancer cells and tumor growth as well as mediated
cell apoptosis (Iglesias et al., 2013). Furthermore, c-myc inhibitor both inhibited the prolif-
eration of ovarian cancer cells (Wang et al., 2014) and blocked the growth and metastasis of
kidney cancer cells (Zhang et al., 2011), indicating that the c-myc and KRAS genes can be used
as targets of oncotherapy.

This study showed that c-myc protein expression was not correlated with KRAS gene
mutation, and that c-myc played a critical role in the onset and progression of ovarian mu-
cinous tumors. In summary, a c-myc inhibitor may be suitable for treating ovarian mucinous
cystadenocarcinoma and borderline mucinous cystadenoma without KRAS gene mutation, but
further experimental and clinical studies are necessary.
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